The effects of radiation on MHD free convection flow of a viscous incompressible electrically conducting fluid past a moving infinite vertical plate with ramped wall temperature have been studied. The Laplace transform technique has been applied to obtain an exact solution in a closed form, when the plate is moving impulsively with a velocity 0 U . It is examined that two different solutions for the fluid velocities, one valid for fluids of Prandtl number ( Pr ) different from 1 and the other for which the Prandtl number equal to
INTRODUCTION
In space technology applications and at higher operating temperatures, radiation effects can be quite significant. Since radiation is quite complicated, many aspects of its effect on free convection or combined convection have not been studied in recent years. Radiative convective flows are frequently encountered in many scientific and environmental processes, such as astrophysical flows, water evaporation from open reservoirs, heating and cooling of chambers, and solar power technology. Since some fluids can also emit and absorb thermal radiation, it is of interest to study the effect of magnetic field on the temperature distribution and heat transfer when the fluid is not only an electrical conductor but also when it is capable of emitting and absorbing thermal radiation. This is of interest because heat transfer by thermal radiation is becoming of greater importance when we are concerned with space applications and higher operating temperatures. Heat transfer by simultaneous radiation and convection has applications in numerous technological problems, including combustion, furnace design, the design of high temperature gas cooled nuclear reactors, nuclear reactor safety, fluidized bed heat exchanger, fire spreads, advance energy conversion devices such as open cycle coal and natural gas fired MHD, solar fans, solar collectors natural convection in cavities, turbid water bodies, photo chemical reactors and many others when heat transfer by radiation is of the same order of magnitude as by convection, a separate calculation of radiation and convection and their superposition without considering the interaction between them can lead to significant errors in the results, because of the presence of the radiation in the medium, which alters the temperature distribution with in the fluid. Therefore, in such situation heat transfer by convection and radiation should be solved for simultaneously. MHD free convection flows past different types of vertical bodies are studied because of their wide applications and hence it has attracted the attention of numerous investigators and scientists. Literature on unsteady MHD convection heat transfer are very extensive due to its technical importance in the scientific community. Some of the literature surveys and reviews of pertinent works in this field are documented by Soundagekhar et al. [1] , Shanker et al. [2] , Helmy [3] , Sparrow and Cess [4] , Riley [5] , Kuikan [6] , Chandram et al. [7] , Ganesan and Palani [8] and Raptis and Singh [9] . In all these studies, the effect of radiation are not considered. Takhar et al. [10] have studied the radiation effects on MHD free convective flow in a radiating gas past a semi-infinite vertical plate. Radiation effects on the flow past an impulsively started infinite vertical plate with variable temperature was studied by Muthucumaraswamy and Ganesan [11] . Radiation effects on flow past an impulsively started vertical oscillating plate with uniform heat flux are studied by Chandrakala [12] . Mazumdar and Deka [13] have studied the MHD flow past an impulsively started infinite vertical plate in presence of thermal radiation. The radiation effects on unsteady MHD free convection with hall current near an infinite vertical porous plate have been discussed by Mohamed et al. [14] . Palani and Abbas [15] have studied the free convection MHD flow with thermal radiation from an impulsively-started vertical plate. The natural Convection near a vertical plate with ramped wall temperature has been analyzed by Chandram et al. [16] . Prasad and Reddy [17] have studied the radiation effects on an unsteady MHD convective heat and mass transfer flow past a semiinfinite vertical permeable moving plate embedded in a porous medium. The thermal radiation effects on MHD flow past a vertical oscillating plate have been studied by Chandrakala and Bhaskar [18] . Mansour [19] has discussed the radiation and free convection effects on the oscillatory flow past a vertical plate. The effects of radiation on unsteady free convection flow bounded by an oscillating plate with variable temperature have been analyzed by Pathak et al. [20] . Soundalgekar and Ali [21] have studied the free convection effects on MHD flow past an impulsively started infinite vertical isothermal plate. Chandran et al. [22] have made an analysis on the natural convection near vertical plate with ramped wall temperature.
The object of the present investigation is to study the combined effects of MHD and radiation on the free convection flow of compressible viscous and electrically conducting fluid past an infinite vertical plate. The fluid considered here is a gray, radiation, absorbing, emitting but non-scattering medium and the Rosseland approximation is used to describe the radiative heat transfer in the energy equation. It is seen that the velocity The flow is considered optically thick gray gas with natural convection and radiation. The radiative heat flux in the x -direction is considered negligible in comparison to y -direction.
Fig 1: Geometry of flow
The Boussinesq approximation is assumed to hold and for the evaluation of the gravitational body force, the density is assumed to depend on the temperature according to the equation of reference state Using Boussinesq approximation, the momentum equation with free convection becomes
The energy equation becomes
where u is the velocity in the x -direction, T the temperature of the fluid, g the acceleration due to gravity,  the coefficient of thermal expansion,  the kinematic coefficient of viscosity,  the fluid density, k the thermal conductivity, 
We introduce dimensionless variables
where the characteristic time 0 t can be express as
On the use of (8), equations (2) and (6) (9) and (10), we get
where
The corresponding boundary conditions for (13) and (14) subject to the boundary conditions (16) 
The inverse transforms of (17) and (18) give the solution for the temperature distributions and velocity as 
where erfc () x being complementary error function and
H   is the unit step function.
Solution when

=1 Pr
:
Following the same procedure as before, the solution ( , )
   for temperature distribution and
u  for the velocity distribution from =1 Pr 
Solution for isothermal plate:
The boundary conditions for the temperature and velocity fields near an isothermal plate are = at = 0 for > 0, (13) and (14) M . As Hartmann number M increases, the Lorentz force, which opposes the flow, also increases and leads to enchanted deceleration of the flow. This result qualitatively agrees with the expectations, since the magnetic field exerts a retarding force on the free convection flow. Ra increases for both ramped wall temperature as well as for isothermal wall temperature. This result qualitatively agrees with expectations, since the effect of radiation is to decrease the rate of energy transport to the fluid, thereby decreasing the temperature of the fluid. It is observed from Fig 8 that the temperature  decreases for both ramped wall temperature as well as for isothermal wall temperature with an increase in Prandtl number Pr . This implies that an increase in Prandtl number leads to fall the thermal boundary layer flow for ramped temperature as well as isothermal case. The effect of the Prandtl number is very important in the temperature field. A fall in temperature occurs due to an increasing value of the Prandtl number. This is in agreement with the physical fact that the thermal boundary layer thickness decreases with increasing Pr . Fig 9 shows that the temperature  increases for both ramped wall temperature as well as for isothermal wall temperature with an increase in time  . The effects of a magnetic field parameter on the temperature profile is nil. 
and for the constant wall temperature
Numerical results of skin friction at the plate ( = 0)  are presented in Tables 1 to 4 Table 3 that the magnitude of skin friction  decreases for both ramped wall temperature as well as for constant wall temperature with an increase in time  . Table 4 displays that for fixed value of Tables 5 and 6 for various values radiation parameter Ra , Prandtl number Pr and time  . Table 5 shows that the Nusselt number Nu increases for both ramped wall temperature as well as for constant wall temperature with an increase in radiation parameter Ra while it increases for ramped wall temperature but the result is reversed for constant wall temperature with an increase in time  . It is observed from Table 6 that for fixed value of  , the Nusselt number Nu increases for both ramped wall temperature as well as for constant wall temperature with an increase in Prandtl number Pr . Gr , leads to a rise in the values of velocity due to enhancement in buoyancy force. As Hartmann number M increases, the Lorentz force, which opposes the flow, also increases and leads to enchanted deceleration of the flow. The effect of the Prandtl number is very important in the temperature field. A fall in temperature occurs due to an increasing value of the Prandtl number. The effects of a magnetic field parameter on the temperature profile was nil. It is seen that the temperature decreases as the radiation parameter increases for ramped temperature as well as isothermal case. Further, the absolute value of skin friction  increases for both ramped wall temperature as well as for constant wall temperature with an increase in either magnetic parameter 2 M or radiation parameter Ra . The Nusselt number Nu increases for both ramped wall temperature as well as for constant wall temperature with an increase in radiation parameter Ra while it increases for ramped wall temperature but the result is reversed for constant wall temperature with an increase in time  .
